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Abstract
We calculate the form factors and the coupling constant in vertices with charm mesons in the framework of QCD sum
rules. We evaluate the three point correlation functions of the vertex considering two diﬀerent mesons oﬀ–shell. The
form factors obtained are diﬀerent but give the same coupling constant.
1. Introduction
Vertices with three mesons where at least two carry
charm appear in theories of the charm meson interac-
tions. This kind of theory started to become popu-
lar in the nineties, during the analysis of the CERN-
SPS data on charmonium production in heavy ion colli-
sions. At that time it was believed that J/ψ suppression
was a good signature of quark gluon plasma produc-
tion (QGP). However a careful evaluation of the back-
ground was needed, in order to isolate the signal. In
this case the background was the charmonium absorp-
tion by light mesons within the hadronic fireball formed
at the late stage of these collisions. Since the center
of mass energy of these collisions was of the order of
magnitude of the temperature, i.e.  100 − 200 MeV,
the interaction regime was clearly non-perturbative and
the best tools were the eﬀective lagrangian models with
charm mesons. From these lagrangians one can derive
the Feynman rules and compute scattering amplitudes.
In order to avoid infinities one can introduce form fac-
tors in the vertices. In phenomenological applications,
these form factors contain a parameter Λ which plays
the role of a cut-oﬀ. In fact even diagrams which give
finite contributions to the cross sections must contain
form factors. Otherwise the obtained cross sections are
unacceptably large. After the introduction of form fac-
tors the results for the charmonium interaction cross
section become quite reasonable. However these re-
sults depend too strongly on the choice of the cut-oﬀ
parameter. In QCD sum rules (QCDSR) we can calcu-
late these form factors from first principles, eliminating
∗Speaker
the freedom in the choice of parameters. Eﬀective la-
grangians of charm meson interactions, supplemented
with the QCDSR charm form factors were used for cal-
culations of several processes.
At this point one might argue that this program is fu-
tile for at least two reasons. In first place one might say
that one can compute cross sections such as, for exam-
ple, J/ψ + π → D + D, directly from QCDSR and it
is not necessary neither to use eﬀective lagrangians nor
to compute form factors. This statement is in princi-
ple correct. In practice however, the direct calculation
of cross sections with QCDSR requires the use of the
four-point function, which is much less precise than the
three and two-point functions. It is not clear, for exam-
ple, whether one should perform one, two or even three
Borel transforms. In second place one might say that it
is more promising to develop a chiral perturbation the-
ory for these interactions, where one eliminates form
factors. This may indeed be the case, but for now this
kind of theory is in a very preliminary stage. Moreover
in eﬀective theories one needs the coupling constants.
In the case of the charm three meson vertices these cou-
plings (with the exception of the D∗Dπ coupling con-
stant) are not measurable. They can be calculated in
QCDSR, as a byproduct of the calculation of form fac-
tors.
So far we have been emphasizing the usefulness of
charm form factors in the calculation of charmonium
interaction cross sections. However this is just one of
the several applications of these form factors. Another
context where they are needed is in heavy meson de-
cays. Since 2003, due the precise measurements of B
decays performed by BELLE, BES and BABAR, charm
form factors gained a new relevance. In B decays new
particles have been observed, such as the DsJ(2317) and
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the X(3872). These particles might decay into an inter-
mediate two body state, which then would undegoe fi-
nal state interactions, with the exchange of one or more
virtual mesons. As an example of specific situation we
may consider the decay X(3872) → J/ψ + ρ. This de-
cay would then proceed in two steps. First the X decays
into a D - D∗ intermediate state and then these two par-
ticles exchange a D∗ producing the final J/ψ and ρ. In
order to compute the eﬀect of these interactions in the
final decay rate we need the ρD∗D∗ form factor.
In this contribution we review our works on charm form
factors [1–9] calculated with QCD sum rules (QCDSR)
[10–13].
2. QCD Sum rules
The three-point function associated with a generic ver-
tex of three mesons M1, M2 and M3 is given by
Γ(p, p′) =
∫
d4x d4y eip
′·x e−i(p
′−p)·y
〈0|T { j3(x) j
†
2(y) j
†
1(0)}|0〉 (1)
where the current ji represents states with the quantum
numbers of the meson i. The correlation function can
be evaluated in two ways. In the first one, we consider
that the currents are composed by quarks and write them
in terms of their flavor and color content with the cor-
rect quantum numbers. This is the QCD description of
the correlator and, as it will be seen, it will give rise
to the QCD side (or OPE side) of the sum rule. In the
second way, we associate each current with a family of
a particular meson (ground state) and its radial excita-
tions with the same JPC quantum numbers. In this ap-
proach we never talk about quarks and use all the avail-
able experimental information concerning the masses
and decay properties of the relevant mesons. This is the
hadronic description of the correlator and is called the
phenomenologial side of the sum rule. After studying
both sides separately, we identify one description with
the other and write the sum rule.
2.1. The OPE side
Depending on these quantum numbers the current may
carry Lorentz indices. In general it has the form:
ji = q¯Λ q (2)
with Λ = 1, γμ, γ5, γμγ5 for a scalar, vector, pseu-
doscalar and axial-vector meson, respectively. q is the
quark spinor field. Since the currents may carry Lorentz
indices, so will the vertex function Γ. When we in-
sert the three currents into Eq. (1) we get the vacuum
expectation value of the T product of six quark fields
multiplied by Dirac matrices in diﬀerent places. In this
expression we apply Wick’s theorem obtaining a series
of terms, each of which being the product of contrac-
tions (propagators) times a vacuum expectation value
of normal ordered operators taken in the QCD vaccum.
These latter, in the local approximation, are the QCD
condensates. The evaluation of (1) in lowest order leads
to a loop diagram with three quark propagators. The
first corrections to the simple bubble (called the per-
turbative contribution) come from diagrams where a
quark line “dives” into the vacuum and emerges from
it. This contribution to the correlators appears multi-
plied by the quark condensate < q¯q >. Higher order
corrections represent the interactions of the quark lines
exchanging gluons among themselves (αs corrections)
and with the vaccum (gluon condensates and quark-
gluon mixed condensates). An equivalent description
is obtained performing first the contractions in (1), ob-
taining three quark propagators and then performing an
operator product expansion (OPE) of these propagators.
Performing these steps we arive at an expression for Γ
which has the generic form:
ΓOPE =
∑
j
FOPEj (p, p
′, q) S j (3)
where FOPEj (p, p
′, q) are invariant functions of the mo-
menta and S j are the structures, i.e., products of Dirac
matrices, the metric tensor and the vertex momenta, car-
rying Lorentz indices. For each one of the invariant am-
plitudes appearing in Eq.(3), we can write a double dis-
persion relation over the virtualities p2 and p′2, holding
Q2 = −q2 fixed:
FOPEi = −
1
π2
∫ ∞
smin
ds
∫ ∞
umin
du
ρOPEi (s, u,Q
2)
(s − p2)(u − p′2)
(4)
where ρi(s, u,Q2) is the double discontinuity of the am-
plitude FOPEi (p
2, p′2,Q2) and is calculated using the
Cutkosky’s rules. We can work with any structure ap-
pearing in Eq.(3), but we must choose those which
have less ambiguities in the QCD sum rules approach,
which means among other things, less influence from
the higher dimension condensates. The invariant am-
plitudes and thus the double discontinuities ρ, receive
contributions from all terms in the OPE. The first one
(and dominating) of these contributions comes from the
perturbative term.
2.2. The phenomenological side
For the phenomenological side we formally repeat the
steps mentioned before and find that, also in the phe-
nomenological side, the correlation function can be
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written as a sum of contributions with diﬀerent tensor
structures, i.e. :
Γphen =
∑
j
Fphenj (p, p
′, q) S j (5)
where Fphenj (p, p
′, q) are invariant functions of the mo-
menta and S j are the structures. As before, we can write
the following double dispersion relation:
Fpheni = −
1
π2
∫ ∞
smin
ds
∫ ∞
umin
du
ρ
phen
i (s, u,Q
2)
(s − p2)(u − p′2)
(6)
where ρpheni (s, u,Q
2) is the double discontinuity of the
amplitude Fpheni (p
2, p′2,Q2). The function ρ can be
written as:
ρ
phen
i (s, u,Q
2) = a δ(s − m21) δ(u − m
2
2) +
ρicont(s, u,Q
2) θ(s − s0) θ(u − u0) (7)
Inserting the above expression into (6) we have:
Fpheni = Λ
phen
i −
1
π2
∫ ∞
s0
ds
∫ ∞
u0
du
ρicont(s, u,Q
2)
(s − p2)(u − p′2)
(8)
where Λpheni refers to the ground state (or pole) contri-
bution in the structure i. We use the quark-hadron du-
ality Ansatz and assume that ρicont = ρ
OPE
i . In this way
the integrals in (4) and (8) have the same integrand and
only the integration limits are diﬀerent. In order to cal-
culate Λpheni we go back to (1) and insert complete sets
of hadronic states. After some algebra we obtain:
Λ
phen
i =
fM1 fM2 fM3 < M1M2M3 >
(p2 − m21)(p
′2 − m22)(q
2 − m23)
(9)
Since the higher states have been considered in the sec-
ond term of (8), the amplitude < M1M2M3 > refers
only to the ground states of the mesons M1, M2 and M3
and can be calculated with the help of an eﬀective La-
grangian of the type:
LM1M2M3 = gM1M2M3
(
ηΔM1 ΔM2 M3 + hc
)
(10)
where η = 1 or εμναβ, Δ = 1 or ∂μ, hc stands for
hermitian conjugates and gM1M2M3 is the coupling con-
stant. The choices implied in η and Δ depend on the
specific combination of mesons. From (10) we can
derive the Feynman rule for the vertex (the amplitude
< M1M2M3 >) which, as it can be seen, will depend
on the relevant masses, momenta and on the coupling
gM1M2M3 . The latter is the unknown, which will be de-
termined by the sum rule. The meson decay constants
appearing in (9) are defined by the following matrix el-
ements:
〈0| jμM |M〉 = mM fM
μ
M (11)
〈0| jM |M〉 =
m2M
mc
fM (12)
and
〈0| jμM |M〉 = fM p
μ
M (13)
for vector, pseudoscalar and axial-vector mesons re-
spectively. In (11) μM is the polarization vector of the
vector meson M.
2.3. The sum rule
The sum rule is the identity
Fi
phen(p, p′, q) = FiOPE(p, p′, q) (14)
where we use (4) and (8) and transfer the dispersion in-
tegral in the phenomenological side to the OPE side. In
order to improve the matching between the two sides of
the sum rule we perform a double Borel transform in the
variables P2 = −p2 → M2 and P′2 = −p′2 → M′2, on
both invariant amplitudes Fphen and FOPE . From (8), (9)
and (10) it is clear that the above equation can be solved
for the coupling gM1M2M3 . Since the momenta of the
mesons M1 and M2 (p and p′ respectively) have been
replaced by the Borel masses M and M′, the coupling g
will be a function only of the remaining Euclidean mo-
mentum Q2, i.e., gM1M2M3 = gM1M2M3 (Q
2) and this is
what we call a form factor. At the point Q2 = −m2M3
the meson M3 is on-shell and the form factor becomes
the coupling constant. The solution of (14) is numerical
and restricted to a singularity-free region in the Q2 axis,
usually located in the space-like region. Therefore, in
order to reach the pole position, Q2 = −m2M3 , we must
fit the solution, finding a function gM1M2M3 (Q
2) which
is then extrapolated to the pole, yielding the coupling
constant. In order to minimize the uncertainties asso-
ciated with the extrapolation procedure, for each ver-
tex we perform the calculation twice, putting first one
meson and then another meson oﬀ-shell, obtaining two
form factors g(M1)M1M2M3 (Q
2) and g(M2)M1M2M3 (Q
2) and requir-
ing that these two functions have the same value at the
respective poles. The superscripts in parenthesis indi-
cate which meson is oﬀ-shell.
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3. Results
We have applied the procedure described above to the
following vertices D∗Dπ, D∗D∗π, DDρ, D∗Dρ, D∗D∗ρ,
J/ψDD, J/ψD∗D and J/ψD∗D∗. As mentioned above,
for each vertex we obtain two sets of points, which have
parametrized by the following forms:
(I) g(M1)M1M2M3 =
A
Q2 + B
(15)
(II) g(M1)M1M2M3 = A exp−(Q
2/B) (16)
(III) g(M1)M1M2M3 = A exp−[(Q
2 −C)2/B] (17)
In Table I each line refers to the vertex indicated in the
first column. In the second column we present the val-
ues of the parameters A and B for the case where a heav-
ier meson in the vertex, M1 is oﬀ-shell, indicating also
which parametrization ((I), (II) or (III)) was employed.
In the third column we show the parameters and type of
parametriation used in the case where a lighter meson
M2 is oﬀ-shell.
Table 1: Parameters used in 15, 16 and 17. Units in GeV.
M1M2M3 M1 oﬀ-shell M2 oﬀ-shell
A B A B C
DπD∗ (I) 126 11.9 (II) 15.5 1.48 –
J/ψDD∗ (I) 200 57 (III) 13 450 26
J/ψDD (I) 306 63 (III) 15 250 20
DρD (I) 37.5 12.1 (II) 2.5 0.98 –
J/ψD∗D∗ (I) 400 78.5 (II) 1.96 3.5 –
D∗ρD∗ (II) 4.9 13.3 (II) 5.2 2.7 –
D∗πD∗ (II) 4.8 6.8 (II) 8.5 3.4 –
DρD∗ (I) 234 44 (II) 5.1 4.3 –
The numbers presented in Table I summarize our re-
sults. They contain uncertainties coming mostly from
varying the continuum thresholds and from the fitting
procedure of the numerical results. The vertex cou-
pling constants can be obtained from the parametriza-
tions shown in the table and they are compatible (within
the errors) with existing measurements or other theo-
retical estimates based on the vector dominance model,
heavy quark symmetries and SU(4) symmetry.
4. Conclusions
We have studied the form factors of vertices with charm
mesons. We have shown that they are relevant to under-
stand data from heavy ion collisions at RHIC and LHC,
from B decays at BELLE and BABAR, from charm pro-
duction at PANDA. We have described how to calculate
them in QCDSR and presented the results of our calcu-
lations. Although there is still room for improvements,
we do not believe that our results would change much
after the inclusion of αs corrections and higher order
condensates.
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